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Introduction
Proliferating cell nuclear antigen (PCNA), an essen-
tial regulator of the cell cycle, is 36 kDa molecule
which is highly conserved among species. It has been
shown that PCNA serves as a co-factor for DNA
polymerase delta in S-phase and is involved in DNA
damage repair during DNA synthesis [1, 19]. The
temporal pattern of PCNA expression makes it a use-
ful tool to study cell proliferation. It starts to accu-
mulate in G1 phase of the cell cycle, reaches the
highest level during the S phase and decreases during
G2/M phase [11]. 
Growth and development of ovarian follicles is
characterized by marked processes of granulosa cell
proliferation and differentiation. The earliest stage of
follicular growth is marked by very slow prolifera-
tion of granulosa cells [9]. Granulosa cells of grow-
ing follicles start to be responsive to gonadotrophin
stimulation and secrete increasing amounts of estra-
diol [16]. Exposure to gonadotrophins and estradiol
initiate the phase of rapid granulosa cells prolifera-
tion [2, 15]. It has been shown in mouse and rat stud-
ies that the most rapid granulosa cell proliferation
takes place at the time of antrum formation. The final
phase of follicular growth accompanied by maximal
production of estradiol is characterized by signifi-
cantly diminished cell proliferation [8]. However, the
vast majority of follicles which enter the growing
pool do not reach preovulatory stage and undergo the
process of atresia which is characterized by sup-
pressed DNA synthesis and granulosa cell prolifera-
tion [6, 7, 12]. 
PCNA expression has been localized in ovary in
association with the studies of initiation and early
events of follicular growth in vivo in rat [14] and in
vitro in cow [21] and baboon [20]. To our knowledge,
there is no study of proliferation process throughout
the follicular development in pig ovary. Determination
of PCNA expression was used as a marker of prolifer-
ation in the studies of GnRH agonist action on pig
granulosa cells in vitro [17, 18] and in the study of cell
proliferation and apoptosis in pig follicles xenotrans-
planted to immunodeficient mice [10]. 
The aim of our study was to determine by immuno-
histochemistry the PCNA expression pattern throuh-
gout the follicular development in pig ovary in order to
show the rate of granulosa cell proliferation and atre-
sia at different follicular stages. 
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Materials and methods
Animals and tissue handling. Porcine ovaries from prepubertal
gilts were obtained from a local abbatoir and transported to labo-
ratory in a thermo-container filled with PBS. Ovarian tissue was
cut into small pieces and fixed in Bouin's solution for 6-8 h. After
the fixation, the specimens were dehydrated by increasing concen-
trations of ethanol (70-90-95-100%) and following the xylen bath
they were embedded in paraffin (Merck, Germany). The pieces of
ovarian tissue were serially sectioned at 7 µm and sections were
mounted on silan-coated slides.
Immunohistochemistry. Prior to PCNA localization, sections
were deparaffinized by washing with xylene and rehydrated in
decreasing concentrations of ethanol and PBS. In order to block
endogenous peroxidase activity, the sections were incubated for 10
min in 0.5% hydrogen peroxide. After washing with PBS, sections
were permeabilized with 0.1% Triton X-100 in PBS for 10 min.
Nonspecific binding was blocked by incubating the sections with
10% inactivated goat serum. Monoclonal mouse anti-PCNA, clone
PC 10 (Dako, Denmark) diluted 1:100 in PBS+0.2% BSA was
used as the first antibody. To eliminate nonspecific binding, non-
immune goat serum was added to the primary antibody. Sections
were incubated overnight at 4°C. The next day, sections were
washed with PBS and DAKO LSAB R+ peroxidase kit (DAKO,
Denmark) was used to detect the labeling. After washing with PBS,
the second LINK antibody was applied for 30 min at room tem-
perature followed by streptavidin-peroxidase for 30 min. The bind-
ing of primary antibody was visualized using diaminobenzidine
(DAB) for 3-5 min. After washing with distilled water, sections
were counterstained with hematoxylin (Vector Laboratories). Sub-
sequently sections were washed with tap water, acetic acid and
redistilled water. Finally, sections were plunged in 1.5% NH4OH in
ethanol solution, rinsed with water, dehydrated in ethanol and
toluene and mounted in the Depex medium (Agar Scientific Ltd).
PCNA labeling was examined using Leica DMLB microscope and
the images were recorded by Leica DC 200 digital camera.
Results
Using immunohistochemical labeling we have assayed
expression of proliferating cell nuclear antigen (PCNA)
in the ovarian follicles in pig. At the earliest follicular
developmental stages, the primordial follicles, no
remarkable PCNA staining was found in oocytes or
individual granulosa cells (Fig. 1A). In primary to sec-
ondary follicles (Fig. 1B) PCNA immunoreactivity was
detected in few granulosa cells as well as in the nuclei
of the oocytes. Small number of PCNA labeled cells
may suggest that proliferation activity is still low in this
category of follicles in pig. A remarkable increase in
the number of immunoreactive granulosa cells was
found in more advanced preantral (Fig. 1C) and partic-
ularly small antral (Fig. 1D) follicles. Theca interna
was already morphologically differentiated in small
antral follicles and also showed PCNA cell immunore-
activity (Fig. 1D). Oocyte nuclei in these categories of
follicles were PCNA-positive. Further follicle enlarge-
ment was correlated with enhanced PCNA immunore-
activity in granulosa cell layers. Theca interna was
morphologically differentiated and showed increased
number of PCNA labeled cells (Fig. 1E,F). 
In the large, preovulatory follicles (Fig. 2A), gran-
ulosa cell layers still showed intense PCNA
immunopositivity. There was no marked PCNA stain-
ing in oocytes but PCNA-positive cells were observed
in differentiated cumulus cells (Fig. 2B).
The progress of atretic changes in the follicles is
accompanied by decrease in the number of PCNA
labeled granulosa and theca cells. In comparison with
healthy follicle (Fig 2C), markedly decreased number
of PCNA immunoreactive cells in granulosa cell lay-
ers was observed in early atretic follicles. Accumula-
tion of granulosa cells with pycnotic nuclei was
observed in the follicular antrum (Fig. 2D). Only few
PCNA stained cells were found in theca. The
progress in atretic changes in the follicles was
accompanied by further decrease in PCNA
immunoreactivity in granulosa and theca cells (Fig.
2E). Theca interna was morphologically less distin-
guishable and showed no PCNA labeled cells. The
terminal atresia was characterized by disruption of
basal lamina and disappearace of theca layers. Only a
few faintly PCNA immunostained cells were seen in
such follicle (Fig. 2F).
Discussion
The results of the present study support the previous
suggestions that PCNA may serve as a reliable marker
of proliferation processes occuring in the ovary. To
study the earliest events in folliculogenesis, the pres-
ence of PCNA was detected by immunohistochemistry
in the rat [14] and mouse [2] ovary. As a marker of pro-
liferation PCNA expression was analyzed in studies
aimed at initiation of primordial follicle growth in
vitro in cattle and baboon [20, 21]. More recently,
PCNA expression was proposed as a marker for ovar-
ian follicle counts in toxicological studies [13] and
bioassays [17, 18] and in studies focused on intercel-
lular communication and impaired folliculogenesis in
mouse ovary [5].
Herein the PCNA expression carried out by
immunohistochemisty on pig ovarian tissue sections is
demonstrated. In our study, we did not observe marked
PCNA expression in granulosa cells in primordial fol-
licles. In rat [14], PCNA immunoreactivity was not
demonstrated in primordial follicles but in case when
at least one enlarged granulosa cell was observed in
follicle cross-section, the PCNA immunoreactivity
was detected. Additionally, the authors observed that
PCNA positive granulosa cells of early primary folli-
cles were not always enlarged which indicated that
PCNA was expressed at the earliest stages of follicular
growth and was sometimes present in granulosa cells
before they committed enlarging. This observations
differs from the results obtained by Wandji et al. [21]
in bovine primordial follicles cultured in vitro. The
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Fig. 1. Immunohistochemical detection of PCNA in pig ovary. No remarkable staining was localized in primordial follicles (arrows), (A).
In primary to secondary follicles (B), PCNA expression was localized in nuclei of oocytes (thick arrow) and in some granulosa cells
(arrows). In advanced preantral (C) and particularly actively growing small to large antral follicles (D-F) extensive PCNA labeling was
localized in the layers of granulosa and theca cells. PCNA staining was expressed in nuclei of oocytes (thick arrows) in preantral and small
antral follicles. Scale bars: 20 µm (A, B); 50 µm (C-F). Symbols: g - granulosa, t - theca, o - oocyte, a - antrum.
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Fig. 2. Patterns of PCNA expression in large healthy and atretic follicles. Figures A-C demonstrate enhanced number of PCNA labeled
cells in granulosa, theca and cumulus cells (arrow) in healthy follicles. Early atretic follicles (D) were characterized by significantly
decreased number of PCNA labeled granulosa cells, disappearance of PCNA labeling in theca cell and accumulation of granulosa cells
with pycnotic nuclei (arrows) in the follicular antrum. In follicles with advanced atresia (E, F) only few or no PCNA labeled cells were
seen in granulosa layers. No PCNA labeling was seen in theca layer which was gradually degraded and became morphologically indis-
tinguishable (F). Scale bars: 20 µm (B); 50 µm (A, C-F). Symbols: g - granulosa, t - theca, o - oocyte, cc - cumulus cells, a - antrum.
authors noted PCNA expression in some of granulosa
cells in primordial follicles before they started to
become cuboidal.
In the present study, we did not observe marked
PCNA staining in the oocytes of pig primordial folli-
cles. Similar results were obtained in other investigat-
ed species. In primordial follicles the oocytes are qui-
escent, do not replicate genomic DNA and metabolic
activity has not been yet initiated. Interestingly, we
have detected PCNA expression in nuclei of pig
oocytes of primary/secondary to early antral follicles.
This is consistent with observations previously
achieved in rat and cow [14, 21]. In primary follicles,
oocytes commence growing and intensive metabolic
processes occur. According to Wandji et al. [21], the
PCNA presence in growing oocytes is not related to
cell proliferation as oocytes are meiotically arrested
and do not replicate nuclear DNA. However, its
appereance in oocytes may be related to specific role
of PCNA being the auxiliary protein of DNA poly-
merase delta which is involved in the mechanisms of
DNA repair [20, 21]. The authors suggest that DNA
polymerase may be activated in growing oocytes to
repair the genetic material during transcription
process. 
Likewise in rat studies, in pig preantral follicles
PCNA positive staining was observed in a number of
granulosa cells. According to Hirshfield [9], the most
rapid granulosa cell proliferation occurs in large pre-
antral follicles just before the antrum formation. At
that stage of development, follicles start to enlarge rap-
idly and extensive PCNA immunoreactivity reflects
the high proliferation rates in granulosa and theca cells
of healthy antral follicles. Parallelly, as a result of
response to gonadotrophin stimulation, granulosa and
theca cells develop steroidogenic functions and
increasing amounts of steroid hormones are produced.
The high rate of steroidogenesis in large follicles is
accompanied by decrease in cell proliferation rate. 
During the follicular development, more than 99%
of follicles undergo the proccess of atresia while only
a few reach the final size and ovulate. Using the PCNA
as a marker, Feranil et al. [3, 4] found in buffalo and
cattle ovary significantly higher frequency of PCNA
labeled cells in healthy follicles than in the early and
advanced atretic follicles. Reduced number of PCNA
immunoreactive cells during atresia was also found in
theca. 
In our study in pig ovary we observed that PCNA
expression negatively correlated with the stage of fol-
licular atresia. In follicles displaying the signs of early
atresia, decreased number of PCNA labeled granulosa
cells and disappearance of PCNA labeling in theca
cells were seen. Granulosa cells with pycnotic nuclei
appeared in the follicular antrum. The observation of
diminished proliferative activity in apparently mor-
phologically homogeneous layers of granulosa cells in
early atretic follicles may be important from the point
of view of in vitro granulosa cell studies. In our exper-
iments in vitro, we often encountered a low viability of
granulosa cells in suspensions obtained from seeming-
ly healthy follicles. This might be caused by increased
number of granulosa cells being out of the cell cycle.
In advanced atretic follicles, extensive pycnotic
changes and only few or no PCNA labeled cells were
observed in granulosa layers. No PCNA labeling
either, was seen in theca which was gradually degrad-
ed and became morphologically indistinguishable. 
In summary, the expression of PCNA detected by
immunohistochemistry may serve as a reliable tool to
detect the proliferative activity of granulosa and theca
cells in the pig ovary. 
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